Introduction {#sec1}
============

Cell therapy provides a novel approach for curing a series of diseases [@bib1], [@bib2]. Cell therapy aims to restore injured tissues or organs by replacing lost or dysfunctional cells with functional cells to reestablish their normal functions [@bib3]. Mesenchymal stem cells (MSCs) are multipotent stromal cells which are capable of self-renewal and differentiation into lineages of mesenchymal tissues, including bone, cartilage, fat, tendon, muscle and marrow stroma [@bib4]. Various populations of multipotent postnatal MSCs have been demonstrated to express pluripotency-associated markers, such as Nanog, which are essential for the maintenance of self-renewal and differentiation in MSCs [@bib2].

Generally, functional cells for therapy are harvested from donor-derived somatic cells or stem cells. Usually, the collection process of donor-derived adult stem cells, such as adipose-derived stem cells or bone marrow--derived stem cells, requires needle insertion, or biopsy, which is highly invasive. Thus, it is necessary to seek an available source of adult stem cells. Strikingly, urine, which can be easily acquired noninvasively, has been considered as an ideal novel source of adult stem cells for personalized regenerative therapies [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10]. Previous studies have indicated that urine-derived stem cells (USCs) possess characteristics of stem cells, including the capacity of plastic adherence, clonogenicity and multidifferentiation potentials [@bib11].

However, few manuscripts have been published to describe the specific cell types in human urine. In addition, standard culture protocols of USCs have not been well documented. Here, we reported that at least two cell subpopulations in terms of different cell morphologies are present in human urine, including fibroblast-like cells and epithelial-like cells. Furthermore, characterization assays indicated that collected CXCR4- and Nanog-positive cells possessed multidifferentiation potential after selective expansion of fibroblast-like cell colonies using the cloning cylinder method.

Materials and methods {#sec2}
=====================

Collection of human urine samples {#sec2.1}
---------------------------------

Urine samples were collected from healthy adult donors (age ranges from 25 to 40 years, n = 5). The collection process was approved by the Clinical Research and Ethics Committee of the Chinese University of Hong Kong or the Guangzhou University of Chinese Medicine. Experimental procedures for urine samples and urine-derived cells were carried out according to the approved guidelines. All cells used in this study were harvested with the informed consent of the donors for use in scientific research.

Human urine--derived stem cell culturing {#sec2.2}
----------------------------------------

Urine samples (300 mL from each donor) were centrifuged at 300 g for 10 min and then washed with phosphate buffered saline (PBS). The cells collected were resuspended in complete culture media containing α-minimum essential medium (α-MEM; Gibco/Invitrogen, Thermo Fisher Scientific, USA) supplemented with 10% foetal bovine serum (Gibco, USA) and 1% penicillin/streptomycin/neomycin. The cell suspension was seeded in 6-well plates at a density of 0.3 × 10^5^ cells/cm^2^ and then incubated in a humidified atmosphere of 5% CO~2~ at 37 °C. The culture medium was refreshed every 3 days. Once the primary cultured cells reached a confluence of about 60%, cells of spindle shape (USCs) were selectively passaged using a cloning cylinder (Corning, USA).

In vitro multilineage differentiation assays {#sec2.3}
--------------------------------------------

### Adipogenic differentiation {#sec2.3.1}

Human urine--derived cells were trypsinized and seeded in a 6-well plate with growth media at a concentration of 1 × 10^5^ cells per well. The cells were incubated in the α-MEM complete medium until a confluence of 90% was reached. The medium was then replaced by an adipogenic induction medium containing 10% foetal bovine serum, 1 μM dexamethasone, 10 μg/mL insulin, 50 μM indomethacin and 0.5 mM isobutylmethylxanthine. Adipogenic induction lasted for 2 weeks, and the medium was changed every 3 days. The cells were fixed with 4% (wt/vol) paraformaldehyde (PFA) for 30 min. Oil Red O staining was applied, and the results were observed under a microscope.

### Osteogenic differentiation {#sec2.3.2}

The cells were seeded and cultured until at a confluence of about 80% was reached. The medium was replaced by an osteogenic induction medium containing 100 nM dexamethasone, 10 mM β-glycerophosphate and 0.05 mM [l]{.smallcaps}-ascorbic acid-2-phosphate. The cells exposed to complete culture media served as control groups. After 2 weeks of induction, Alizarin Red staining was applied to assess mineralization. The cell/matrix layer was stained with 0.5% Alizarin Red S (pH 4.1) for 5 min. The positive stain was viewed under a microscope.

### Chondrogenic differentiation {#sec2.3.3}

Aliquots containing 3 × 10^5^ cells were centrifuged in polypropylene tubes to form a pelleted micromass. The pelleted cells were incubated in a chemically defined chondrogenic induction medium consisting of α-MEM supplemented with 10 ng/mL recombinant human transforming growth factor-β1 (TGF-β1), 100 mM dexamethasone, 1 mM sodium pyruvate, 0.2 mM ascorbic acid 2-phosphate (Sigma-Aldrich, USA) and ITS + Premix (BD Biosciences, San Jose, CA, USA). The cells cultured in a based medium of α-MEM served as a negative control. The medium was changed every 3 days. The induction process lasted 3 weeks. Safranin O--fast green staining was applied, and the staining results were viewed under a phase-contrast microscope (Leica Microsystems Wetzlar Gesellschaft mit beschrankter Haftung, Wetzlar, Germany).

Immunocytochemistry {#sec2.4}
-------------------

The cells were seeded onto slides in a 12-well plate (3000 cells per well). The cells were incubated in α-MEM complete culture media for 24 h. The cells were fixed with 4% paraformaldehyde for 30 min after washing with PBS. Then, the cells were blocked with PBS containing 1% bovine serum albumin (BSA; Sigma-Aldrich, USA) for 30 min at 37 °C followed by permeabilisation with 0.5% Triton X-100 (Sigma-Aldrich, USA). Anti-CXCR4 (1:300; R&D Systems, USA) and anti-Nanog (1:300; BD Biosciences, USA) antibodies were separately added and incubated at 4 °C overnight. Alexa Fluor 488-conjugated secondary antibodies (Life Technologies, USA) were incubated with the cells at 37 °C for 40 min. The cells were sealed using glycerin containing DAPI (4, 6-diamidino-2-phenylindole; Life Technologies, USA) after washing with PBS and then observed under a confocal microscope.

Flow cytometry {#sec2.5}
--------------

The urine-derived cells were enzymatically digested with 0.25% trypsin--EDTA (Gibco, USA) and then resuspended in resuspension buffer containing 1% BSA (Sigma, USA) at 10^6^ cells/mL. A volume of 300 μL cells was transferred into a 5 mL flow cytometry tube. The cell aliquots were incubated with phycoerythrin (PE)-conjugated CD90, CD44, CD29 and CD73 or fluorescein isothiocyanate (FITC)-conjugated CD45 and CD34 or each corresponding isotype control antibody (BD Biosciences, USA) for 30 min at room temperature in the dark. The cells were resuspended in 1000 μL resuspension buffer after washing with PBS. Then, the cell suspension was analysed by flow cytometric analysis using Cell Quest software. BD FACS Canto II was used for data acquisition by adjusting voltage and compensation using appropriate excitation and detection channels. Data analysis was performed using FlowJo software (FlowJo, USA).

Statistical analysis {#sec2.6}
--------------------

At least three sets of independent experiments were performed for each assay. All quantitative data were transferred to statistical spreadsheets and analysed by a commercially available statistical program SPSS version 16.0 (IBM SPSS Inc., Chicago, IL, USA). The student t test was used for comparisons of mean values between two groups with *p* \< 0.05 considered statistically significant. All data are presented as mean ± standard deviation.

Results {#sec3}
=======

Cell morphology observation {#sec3.1}
---------------------------

Adherent cells and colonies with two morphologies were observed 7 days after seeding ([Fig. 1](#fig1){ref-type="fig"}A). One exhibited spindle shape and fibroblast-like morphology; the other displayed rounder shape. Thus, urine may contain at least two cell populations, including MSC-like cells (Type A) and epithelial-like cells (Type B). Then, the spindle-shaped cells were selectively passaged and expanded using the cloning cylinder. The cells remained spindle-shaped and became homogeneous in morphology after passaging ([Fig. 1](#fig1){ref-type="fig"}B). However, the rounder-shaped cells soon disappeared after a few weeks of culture because epithelial-like cells proliferate much slowly in α-MEM media, and their expansion requires epithelial cell--specific media [@bib12], [@bib13].Figure 1Culture and morphology observation of human urine--derived samples. (A) Adherent cells with two different shapes appeared 7 days after seeding. One type displayed spindle shape, and the other exhibited epithelial-like cells. (B) Colonies of spindle-shaped cells were selectively expanded using the cloning cylinder method. The cells became homogeneous in morphology and remained spindle-shaped after passaging. Scale bar: 100 μm.Figure 1

Multidifferentiation induction and immunophenotyping assays {#sec3.2}
-----------------------------------------------------------

To determine the phenotype of the urine-derived cells cultured, immunocytochemistry was applied. The immunostaining results showed that spindle-shaped cells isolated from human urine were positive for CXCR4 and Nanog ([Fig. 2](#fig2){ref-type="fig"}). Simultaneously, the cells were exposed to various types of differentiation induction media. The results of trilineage differentiation induction assays ([Fig. 4](#fig4){ref-type="fig"}A--C) indicated that human urine--derived spindle-shaped cells were capable of osteogenic, adipogenic and chondrogenic differentiation under appropriate induction conditions. In addition, the results of real-time quantitative reverse transcription PCR (qRT-PCR) ([Fig. 4](#fig4){ref-type="fig"}D) further confirmed the increased expression of chondrogenic-associated markers (aggrecan, sox9 and collagen 2a) of the induction group compared with the noninduction group. In addition, flow cytometric analysis showed that USCs were positive for CD90 and CD44 (more than 85% expression rate), but lacked the expression of haematopoietic markers (CD45 and CD34), CD29 and CD73 ([Fig. 3](#fig3){ref-type="fig"}). Thus, in this study, USCs possessed trilineage differentiation capacity and expressed several MSC-specific markers. A CD90^+^/CD44^+^/CD29^-^/CD73^-^/CD45^-^/CD34^-^ USC subpopulation could be selectively enriched through this protocol.Figure 2Immunofluorescence staining evaluation of CXCR4 and Nanog. Fluorescence microscopy indicates CXCR4 (B)- and Nanog (E)-positive human urine--derived stem cells (USCs). (A and D) Nuclei were stained with DAPI (4′, 6-diamidino-2-phenylindole; blue). (C) Merged images of CXCR4 and DAPI. (F) Merged images of Nanog and DAPI. Scale bar: 100 μm.Figure 2Figure 3Immunophenotypic characterization of human urine--derived cells (USCs). The results of flow cytometric analysis showed that USCs of Passage 3 were positive for CD90 and CD44 (more than 85% expression rate). However, only 3.7% USCs were positive for CD29, and the cells cultured were negative for CD34, CD45 and CD73 (less than 1% expression rate). The expression of every surface antigen is shown together with their corresponding isotype control. PE = phycoerythrin; FITC = fluorescein isothiocyanate.Figure 3Figure 4Characterization by multidifferentiation induction assays. Urine-derived spindle-shaped cells were induced to differentiate into adipocytes (A), osteoblasts (B) and chondrocytes (C). (A) Adipogenesis was indicated by the presence of neutral lipid droplets that stained with Oil Red O staining. (B) Osteogenesis potential was identified with positive Alizarin Red staining. (C) Chondrogenic differentiation potential was indicated by positive safranin O--fast green staining. Scale bar: 100 μm. (D) Chondrogenic-associated markers (aggrecan, sox9 and collagen 2a) were detected and compared through real-time quantitative reverse transcription PCR (qRT-PCR) between chondrogenic induction and negative control groups after 2-week induction. n = 3; \*: p \< 0.05.Figure 4

Discussion {#sec4}
==========

Urine, which could be collected noninvasively, seems to be an attractive available cell source for cell therapy. However, specific cell types in urine and an optimized culture protocol of urine-derived progenitor cells have not been well documented. To this end, this study was undertaken to study cell types in urine and develop a simplified and optimized culture protocol for urine-derived progenitor cells.

Consistent with previous studies, urine-derived cells express pluripotency markers at considerable levels, which may reduce the barrier to the generation of completely reprogrammed pluripotent cells. Therefore, urine has been considered a preferred source for generating induced pluripotent stem cells [@bib14], [@bib15], [@bib16]. Furthermore, urinary induced pluripotent stem cells from urine samples of patients can also be used for disease modelling to study pathologic mechanisms and drug screening for rare genetic diseases [@bib17], [@bib18], [@bib19], [@bib20].

In addition, USCs collected from human urine share the expression of some traditional MSC-surface markers, such as CD90 and CD44. On the other hand, however, there are some differences between the generally defined MSCs from the bone marrow and USCs in immunophenotype. In addition, in this study, the selectively enriched cells isolated from human urine were negative for CD73, a traditional MSC-specific surface antigen, which is not consistent with a previous study [@bib5]. The difference in immunophenotype between USCs and generally defined MSCs or different USC subpopulations may be attributed to cell source--specific features between different tissue-derived adult stem cells and cell heterogeneity of USCs [@bib21], [@bib22].

To conclude, our results indicate that MSC-like cell population exists in human urine and can be expanded rapidly in culture using this protocol. One of the urine-derived cell types display a fibroblast-like morphology, express some mesenchymal surface markers and embryonic markers and have the potential to multidifferentiate into osteoblasts, adipocytes and chondrocytes under appropriate induction conditions. This study provides an alternative protocol for selective expansion of a USC subpopulation. Urine-derived progenitor cells may serve as a cell bank for tissue engineering and cell therapy.
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